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Abstract 
Given coal’s large contribution to India’s emissions, it is important to explore options for reducing emissions from the Indian 
coal power sector. Even as India awaits stronger action by industrialized countries, several no-regrets options can still be 
instituted to position the Indian coal-power sector  appropriately for an eventual deeper carbon mitigation strategy: a) improve 
efficiency of generation, transmission and distribution, and end-use systems; b) aggressively deploy higher-efficiency coal 
combustion technologies; c) develop a strategic plan for technology innovation; d) improve environmental regulations to keep 
open economic carbon capture options; and e) invest in detailed geological assessment of carbon storage sites. 
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1. Introduction 
India has a large number of people living below the poverty line and needs fast economic development in order to 
uplift the poor and provide basic needs to its many citizens.  Economic development and the fulfillment of basic 
human needs such as education, sanitation, health and communication are critically dependent on the availability of 
modern energy services.  Hence, improved living standards in India are closely associated with an increase in energy 
demand.   Given that India’s energy consumption is bound to increase, it is critical for India to develop appropriate 
forward-looking energy policies to meet its development goals.     
 
As a modern energy carrier, electricity is a critical component of energy supply in any country. However, India 
has long suffered from an insufficient supply of electricity in relation to the demand. The quality of power supply in 
the country is also very poor, with unstable voltages and routine frequency excursions.  The lack of adequate and 
reliable supply of power is often cited as a critical constraint to industrial development in India.   Thus, there is an 
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urgent need for a continued and rapid enhancement of the availability, reliability, and affordability of electricity in 
India.   
At the same time, it is important that increased electricity use does not adversely affect India’s energy security or 
come at high social or environmental costs.  Key socio-environmental issues include: the abatement of local 
pollution (particularly for coal-fired power plants); reducing land-use conflicts (especially for coal mining and 
hydropower projects); and, more recently, emerging climate change concerns over emissions of greenhouse gases 
(GHGs).  Reducing GHG emissions from the power sector is a major challenge, not just for India but throughout the 
world.  Global climate change has received significant and increasing attention in recent years, both because of its 
potential impacts on humans, ecosystems, and economies, and because of the scale of effort needed to mitigate this 
problem.  The urgent need to tackle climate change is becoming more apparent and more accepted in almost all 
policy circles in India, and the Prime Minister recently constituted a Council on Climate Change to “coordinate 
national action for assessment, adaptation and mitigation of climate change.”    This Council has recently developed 
a National Action Plan on Climate Change.  These actions are despite the fact the industrialized countries, with 
much higher cumulative and per-capita emissions, “should take the lead in combating climate change,” and 
“economic and social development and poverty eradication are the first and overriding priorities” of developing 
countries. 
India’s CO2 emissions from fossil fuels have been increasing at a compounded annual growth rate of 5% from 
1990 to 2004 [1], although it has decreased more recently (2000 to 2004) to 3.8%.  Nonetheless, India’s total 
emissions in 2004 were still about 4.5 and 3.7 times smaller than U.S. and China emissions, respectively.  In per-
capita terms, India’s carbon emissions in 2004 were almost one-sixteenth of the emissions of the United States and 
one-third of China. According to India’s National Communication to the UNFCCC, coal contributed about 62% of 
India’s total CO2 emissions of 817 Tg in 1994; 43% of emissions were from energy transformation (electricity 
generation and petroleum refining) [2]. Solid fuels account for about 70% of India’s annual CO2 emissions from 
fossil fuel use, and most of this is from coal-based power plants.  
Hence, reducing GHG emissions will require a special focus on the coal-based power plants in the country, 
especially since more than 70 percent of India’s electricity generation is based on coal, and a significant fraction of 
new electricity supply in India is likely to be based on domestic coal derived from India’s significant reserves.  
While the challenge of GHG reduction is clearly not the only issue facing the coal and coal-power sectors in India, it 
is likely to gain in importance in the coming years.  The technical and political complexities of mitigating GHG 
emissions imply that it is critical to start examining future policy options and laying the appropriate groundwork in a 
systematic and careful fashion, even as India and other developing countries await stronger action by industrialized 
countries.  It is in this context, that this paper examines policy options for managing GHG emissions from the coal-
power sector in India, and provides some options and recommendations for doing so.  The paper draws upon our 
previous more encompassing work on clean coal technologies in India [3-5]. 
2. Current State and Future of Indian Coal Power Sector 
The current power sector in India is dominated by coal-based generation and remains largely under government 
control.  The dominance of coal began in the early 1970s when the global oil crisis made the use of indigenous coal 
relatively cheaper [6, 7].   To increase coal production, the government nationalized the coal mines between 1971 
and 1973 and coal-based power plants were located at pithead locations to reduce the costs of transporting coal to 
power plants.  A new centrally owned public sector corporation—National Thermal Power Corporation (NTPC)—
was established in 1975 to accelerate the installation of pithead coal power plants, and to provide additional thermal 
power capacity to the regional grids.  Power plant manufacturing capability in the country was consolidated with the 
formation of the Bharat Heavy Electricals Limited (BHEL), which began to supply indigenously manufactured 
power plants in 1970 [3].  Largely due to these efforts, the installed capacity of coal power grew at an average 
annual rate of 8% in the 1970s and at 10% in the 1980s.  Since the 1990s, the growth of coal-power capacity slowed 
slightly as the power sector was more focused on institutional issues (see below). 
3902 A. Chikkatur, A. Sagar / Energy Procedia 1 (2009) 3901–3907
Author name / Energy Procedia 00 (2008) 000–000 3
According to India’s Ministry of Power, there was about 77 GW of coal and lignite-based installed capacity in 
power utilities as of August 2008, accounting for nearly 53% of total installed capacity.  In 2004-05, coal and 
lignite-based generation accounted for about 80% of total generation (425 TWh – utilities;  45 TWh – non-utilities), 
and these coal-power plants consumed about 280 million tons of coal (with average calorific value of 3800 kcal/kg) 
and 25 million tons of lignite (with average calorific value of 2700 kcal/kg) [8].  Hence, the power sector is the 
largest consumer of domestic coal. 
Much of the expected growth in electricity in India over the next few decades will likely be based on coal, 
particularly domestic coal.  According to the Planning Commission [9] scenarios, coal-based capacity of utility 
power plants is likely to be in the range of 200-400 GW in 2030, up from about 77 GW in 2008.  With the large 
number of coal-based thermal power plants expected to come online, coal consumption in the power sector is 
expected to be in the range of 380-500 MT by 2011-12 and 1-2 GT by 2031-32 [9, 10].  In contrast to coal, other 
resources are uneconomic (as in the case of naphtha or LNG), have insecure supplies (diesel and imported natural 
gas), or are simply too complex and expensive to build (nuclear and hydroelectricity) to make a dominant 
contribution in the short to medium term [3].  Liquid fuels such as heavy oils have limited use in the power sector 
for economic and environmental reasons; for example, distillates such as naphtha, high-sulfur diesel (HSD) and 
other condensates are either too expensive or too polluting for large-scale use.  Although use of natural gas and 
regasified LNG in the power sector is increasing, particularly in the private sector, the long-term availability and 
costs of gas are uncertain. Existing gas-based power plants are experiencing low load factors because of paucity of 
supply.   Furthermore, the high cost of importing natural gas and of constructing LNG handling facilities is another 
crucial factor that might limit the growth of gas-based power generation.     
Thus, coal will continue to energize the Indian power sector and its role cannot be understated. 
3. Advanced Technologies and carbon capture in India 
Currently, Indian coal power plants are mostly based on sub-critical pulverized coal (PC) technology and this 
technology has been well adapted for use with Indian coals.  The current “standard” for coal-power technologies in 
India is the BHEL 500 MW sub-critical PC unit. These units are based on assisted circulation boilers with main 
steam pressure of 170 kg/cm2 [11].  The best power plants—500 MW subcritical units—operate with a net 
efficiency of about 33%. In comparison, the average net efficiency for the 50 most efficient U.S. coal-based power 
plants is 36%, with the fleet average being 32%.  The average net efficiency of the entire fleet of coal power plants 
in the country is around 29%. The older units (less than 200 MW) have the worst efficiencies. In spite of poor 
efficiencies and low PLF, these power plants continue to operate because they supply electricity at low costs.  
Hence, efficiency improvement of existing power plant is a critical component of reducing GHG emissions. 
Nonetheless, subcritical PC fails to meet many of India’s future challenges and it is important to study other 
technological options. 
PC technology is becoming more efficient with the use of supercritical and ultra-supercritical steam parameters 
(which require advanced materials). Supercritical technology is perhaps the most relevant for India, especially in the 
short term.  However, coal washing to reduce ash content might become necessary for using supercritical boilers in 
India, as erosion of boiler tubes would increase because of the high ash content of Indian coals.  In fact, the 
prospects for ultra-supercritical PC technologies might be limited by the high ash content of Indian coals.  There are 
currently two supercritical NTPC plants based on Korean and Russian technologies under construction at Sipat and 
Barh, and they are expected to be operational by 2009. The CEA has projected about 17% (8 MW) of the new 
planned coal-based capacity for the 11th Plan is based on supercritical PC.  The government has proposed a new 
scheme, “Ultra-mega power plants,” in which at least seven supercritical plants of 4000 MW each are planned under 
international bidding. It is expected that these plants would come online beyond 2012, in the 12th Plan [12].  In 
addition to increasing efficiency, better post-combustion clean-up technologies such as flue gas desulfurizers 
(FGDs) and selective catalytic reducers (SCRs) can also be deployed to reduce air pollution.   
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In terms of CO2 capture in PC plants, clean flue gas at atmospheric pressure with CO2 concentrations less than 
15% can be passed through an amine-scrubbing process that selectively separates much of the carbon dioxide, which 
can then be compressed and transported away for storage [13].  However, capture in PC technologies will increase 
auxiliary consumption, coal use, and cost of generation.  Post-combustion capture in new PC plants can lead to an 
increase of 24–40% in auxiliary energy consumption, with a 14–25% increase in pre-combustion in new IGCC 
plants [13]. The power and efficiency penalty for installing CO2 capture equipment on existing plants is also quite 
high; for example, an estimated 65 MW (30%) will be lost in a 210 MW unit, with a 30% hit in efficiency, if the 
unit is equipped with a monoethanolamine (MEA)-based post-combustion capture technology [14]. Carbon capture 
will also double the cost of power generation in India. Such high costs and loss in net power and efficiency implies 
that high-efficiency power plants are important precursors to any possible retrofitting for carbon capture.  
Furthermore, there is significant uncertainty at present regarding what actions a greenfield power plant can 
undertake to be “capture-ready” [15]. 
IGCC, as opposed to PC plants, offers several advantages, including increased efficiency from the combined 
cycle, decreased resource consumption, improved environmental performance, lower cost of pollution-control 
technologies, and greater ease of carbon capture. There are also several disadvantages: complexity, higher capital 
costs, potentially lower reliability and availability, and lower technology maturity (and therefore greater perception 
of technology risk).  Carbon capture in an IGCC plants occurs before combustion, wherein the produced coal-gas 
will be sent to a CO2 shift reactor, where the carbon monoxide will be converted to CO2 and hydrogen (H2) using a 
water gas shift reaction. CO2 can then be separated using physical or chemical solvents [13]. Prior to the water shift 
reactor, other impurities, such as particulates and hydrogen sulfide, will have to be removed from the coal-gas.  In 
general, for bituminous coals, carbon capture with IGCC is more economical than PC plants with amine-based 
capture [16, 17]. 
However, gasification of typical Indian coals is not possible by the “standard” slagging entrained-flow 
gasification process because of the high ash content and high ash-fusion temperature [3]. Only some coals from the 
northeastern part of India can be used with the entrained-flow gasifier.  Gasification of Indian coals requires the use 
of fluidized-bed and moving-bed gasifiers, which have greater circulation of solid and hence more fuel-flexibility. 
These gasifiers are not yet commercial, although there has been some R&D and a few demonstration projects.  
BHEL has developed a pilot IGCC plant using fluidized bed gasifiers, and it is expected to participate in any further 
demonstration of IGCC technology in India.  
Finally, capture of CO2 is only one part of the story—we need to also consider where the captured CO2 can be 
stored.  There are potential storage sites in the Gangetic, Brahmaputra and Indus river plains, and along the 
immediate offshore regions in the Arabian Sea and Bay of Bengal [13].  A recent estimate indicates that about 360 
GT of potential storage exists in on-shore and off-shore deep saline reservoirs, 7 GT in depleted oil and gas fields, 
and 5 GT in unmineable coal seams [18].  However, Indian sedimentary basins are not yet geologically well 
explored and much of the current exploration is mainly for hydrocarbon and coal resources.  Hence, detailed 
geological work (especially in saline reservoirs) needs to be done for assessing CO2 storage sites, including 
estimating storage capacity and determining specific sealing mechanisms. 
4. Key Policy Options 
Our assessment (see [3-5]) indicates that both combustion and gasification based technologies in the future will 
be more efficient, with better pollution controls, and cost less, especially as these technologies are deployed globally 
in larger numbers with tighter environmental regulations.  Given the uncertain technological trajectory, it is difficult 
to project at this point whether combustion or gasification technologies will dominate the global power sector in the 
future (even under carbon constraints), and which one of these might be more suited for Indian coals and conditions.  
Hence, India should keep its technology options open.  Nonetheless, there are several policy options that can lay the 
foundation and prepare the Indian power sector for eventual deployment of technologies that can reduce GHG 
emissions more deeply [5].  
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4.1. Efficiency Improvement 
Improving efficiency is a “no-regrets” step since it allows for increased generation and better quality of 
electricity delivery using the existing generation stock and transmission and distribution (T&D) system.  Moreover, 
increasing the efficiency of the overall power system (generation, T&D, and end-use) is similar to adding generation 
capacity without actually doing so.  Thus, improved efficiency can delay the new capacity addition and allows for 
the resolution of technical and market uncertainties associated with emerging or new technology options. Some 
policy options for improving generation efficiency include: requiring all power plants to carry out energy audits to 
assess their efficiency levels; having stringent regulatory benchmarks on power plant efficiency; providing better 
incentives for the production and use of better-quality coals, in addition to existing mandates—for example, by 
restructuring the coal grading and pricing schemes  [4]; and strengthening technical capabilities in India, and to 
acquire, demonstrate, and disseminate technologies and practices for reducing greenhouse gas emissions from 
existing power plants.  Options for better T&D systems include increasing government investments to modernize the 
existing infrastructure and introducing new technologies, expand high-voltage lines, improve integration among 
regional grids, and improve monitoring and metering of distribution networks.  Electricity metering would also help 
reduce commercial theft and increase collection efficiency.   Finally, household demand can be reduced through 
promotion of technologies such as solar water heaters, energy-efficient lighting and more efficient household 
appliances (particularly air conditioners and refrigerators)—programs such as technology standards and labeling can 
be very useful.  Incentives for energy-efficient technologies can be provided through fiscal measures, such as 
differential taxes, discounts, and rebates.   It is also important to support support academics and other organizations 
to build capacity for energy-efficiency assessment, R&D, and improvement. 
4.2. Deploying Supercritical PC Technologies 
As discussed earlier, supercritical pulverized coal (SCPC) technologies are well suited for the Indian coal power 
sector in the near term, as the technology is commercial with plenty of experience worldwide in installing and 
operating them.  Hence, this is an important bridge technology for the future.  Options to help increase the rate of 
deployment of supercritical PC technologies in India include: encouraging State and Private sector generation 
companies to learn from NTPC’s experience with the ongoing construction and future operation of the new SCPC-
based power plants; providing financial incentives to encourage the uptake of SCPC; providing a sustained supply of 
washed coal; increasing government-promoted, commercial-scale demonstration projects using SCPC technology in 
the State sector; and building up supercritical PC manufacturing capacity within BHEL and other Indian coal 
technology manufacturers. 
4.3. Long-term Innovation Strategy for Advanced Technologies 
It is essential to assess and plan for emerging technologies that may become important for the medium- to long-
term future of the Indian coal power sector.  The menu of technological options will continue to evolve as 
industrialized countries invest in programs of research, development, demonstration and deployment.  Therefore, it 
is important for India to study and learn from these activities, and to leverage global innovation to its benefit.  India 
should create a monitoring and feasibility assessment program [3] for tracking emerging pre-commercial 
technologies and assessing the techno-economic feasibility of existing advanced commercial and near-commercial 
technologies.  Various stakeholders must be involved in developing a vision for technology assessments and for 
building consensus around technological decisions.  This vision can be translated into a long-term coal-power 
technology roadmap for India, including an innovation strategy for specific elements of particular technologies.  
India must be involved in strategic partnerships and collaborations with international research initiatives on 
advanced coal technologies and CCS, and finally the government should increase the total government R&D budget 
related to advanced coal technologies and CCS. 
4.4. Better Environmental Controls 
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It is essential that India’s emission regulations to be tightened and better enforced, as cleaner flue gases in power 
plants is critical for economic carbon capture.   There are significant synergies and tradeoffs between reducing local 
environmental pollution and increasing the potential for carbon capture in the future.  Although current 
environmental regulations are primarily focused on controlling particulate emissions, it is important to better 
regulate SOx and NOx emissions as well.  Currently, concentrations of sulfur oxide and nitrogen oxide in flue gases 
are not regulated, and the only regulations are on ambient air concentrations for these pollutants and the height of 
the flue gas stacks.  The environment Ministry can also provide incentives and financial support for installing end-
of-pipe pollution control technologies to control SOx and NOx emissions from all power plants.  The extra support 
can be linked to direct monitoring of power plants, with data being directly transferred to regulatory bodies.  Finally, 
the impacts of carbon emissions on techno-economics of Indian power plants needs to be better assessed. 
4.5. Assessing Carbon Storage Sites 
Geological underground storage in saline aquifers is currently the most promising option for storing large 
quantities of CO2, and this requires detailed assessments of specific storage locations and capacity. Currently, only 
first-of-a-kind estimates of storage capacity are available in the country, and there is a strong need for detailed site-
specific assessment of storage mechanisms and capacity in potential on-shore and off-shore locations, led by the 
Directorate General of Hydrocarbons.  Government can also provide financial support to some early demonstration 
projects.   The mapping and demonstration efforts can be spread across public and private sector participants and the 
interests of all parties need to be protected.  The potential CO2 storage maps should also influence siting decisions 
for future power plants, as well as for techno-economic assessments of capturing and transporting CO2 from current 
power plant sites.  Finally, India should leverage international and bilateral geological assessment activities to build 
capacity in the country.  
5. Conclusion 
Although there are more immediate challenges for the power sector—especially the need to affordably provide 
more electricity to more people—GHG control and reduction of emissions from the coal-power sector will also need 
to be considered.  The progress on a fair international climate regime will be critical for the implementation of deep 
carbon reduction strategies in India, and moreover, commitment and action by industrialized countries will be 
critical in catalyzing new research that reduces prices of carbon reducing technologies.  
In the meantime, India can implement a number of policy options that start reducing the GHG-emissions growth 
of the power sector while advancing the country’s development agenda.  The domestic and international steps laid 
out in this paper will help the Indian power sector develop a deliberate and careful approach pursued with short- and 
long-term perspectives in mind.  
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